33 Background: Successful hand-object interactions require precise hand-eye coordination with 34 continual movement adjustments. Quantitative measurement of this visuomotor behaviour could 35 provide valuable insight into upper limb impairments. The Gaze and Movement Assessment 36 (GaMA) was developed to provide protocols for simultaneous motion capture and eye tracking 37 during the administration of two functional tasks, along with data analysis methods to generate 38 standard measures of visuomotor behaviour. The objective of this study was to investigate the 39 reproducibility of the GaMA protocol across two independent groups of non-disabled participants, 40 with different raters using different motion capture and eye tracking technology.
Participants 118 A total of 22 non-disabled adults were recruited to participate in the repeated study. Data 119 from two participants were removed due to problems arising from software issues. The 120 characteristics of the 20 participants from the original study [7]-[9] and the 20 participants in the 121 repeated study are detailed in Error! Reference source not found.. In both studies, two 122 participants performed the tasks without corrected vision, since they had to remove their glasses 123 to don the eye tracker. These participants, however, reported that their vision was sufficient to 124 allow them to confidently perform the task. ) were collected before participants executed their initial 154 trial of each task, and one after they completed their final trial of the last task; given that there 155 were two functional tasks, a minimum of 5 calibrations were performed per participant.
156
The original data collection protocol differed from the repeated study in one notable way.
162 In the original study, the order of conditions for each participant was block randomized to one of 163 4 block orders, with motion (1) and both (3) conditions always sequential. As a consequence of 164 the partial randomization order, three quarters of the original study participants were afforded at 165 least 20 extra trials executing each functional task prior to testing under the 'both' condition. The aim of the statistical analysis was to detect significant differences between the original 215 and repeated data sets, and to determine whether such differences were more pronounced for 216 particular movements and/or movement subsets (phase, movement segment, or phase transition).
217 To investigate differences between the two groups of participants, a series of repeated-measures 218 analyses of variance (RMANOVAs) and pairwise comparisons were conducted for each measure 219 and task. RMANOVA group effects or interactions involving group were followed up with either 220 an additional RMANOVA or pairwise comparisons between groups if the Greenhouse-Geisser 221 corrected p value was less than 0.05. Pairwise comparisons were considered to be significant if the 222 Bonferroni corrected p value was less than 0.05. Detailed statistical analysis methods can be found 223 in supplementary materials (S1 Text). Table) . The two participant groups, however, displayed similar relative phase 233 durations throughout both tasks, with no significant differences.
235
Hand Movement
236
The repeated study participants had greater hand distances travelled than the original study 237 participants, with significant increases in Movement 1 & 3 segments of Pasta (S3 Table) and in all 238 Cups movement segments, except for Movement 1 & 4 Transport-Releases (S4 Table) . However, 240 groups were similar. The repeated study participants also had larger hand trajectory variability 241 than the original study participants, with significant increases in all Pasta movement segments 242 except for Movement 3 Transport-Release (S4 Table) and all Cups movement segments (S5 243 Table) . The repeated study participants had a greater number of movement units than the original 244 study participants, with significant increases in all movement segments of Pasta and for Movement Participants in the original and repeated studies had similar hand velocity profiles for both 258 tasks, as shown in Fig 5A and 5B . Although the peaks in the repeated study appeared smaller, 259 these differences were non-significant throughout both tasks (S4 Table and S5 Table) . Significant 260 percent-to-peak hand velocity differences were identified for the Movement 1 Reach-Grasp Fig 5C and 5D , with no significant differences in peak grip aperture identified 278 for either task. Also, no significant differences in percent-to-peak grip aperture were identified in 331 indicates a p value less than 0.005, and ns indicates a p value that is not significant. Highlighted 332 table cells also indicate significant differences (red = higher and blue = lower repeated study 333 value). 334
335
The original and repeated study participants also had similar ROM values in Pasta, 336 although significant differences were found for the Movement 2 trunk flexion/extension ROM and 337 the Movement 2 & 3 trunk lateral bending ROM. However, these differences were quite small 338 (with the largest being 5.3°). In Cups, differences in ROMs were significant in more movements 339 and degrees of freedom (DOFs), as indicated by the shading in Error! Reference source not 340 found.. However, the significant trunk ROM differences were quite small (both less than 2°), and 341 the significant shoulder ROM differences were less than the respective original study standard 342 deviations for those DOFs.
343
The repeated study participants exhibited differences in peak angular velocities in most 344 DOFs in both tasks. The peak angular velocities in the trunk DOFs of repeated study participants 345 were usually greater than those of original study participants, with significant trunk 346 flexion/extension differences in Movement 1 and 2 of Pasta and Movement 1 of Cups. The peak 347 angular velocities in the remaining DOFs of the repeated study participants were usually smaller 348 than for the original study participants, with most significantly lower.
350
Eye Gaze 351 The repeated and original study participants exhibited similar eye fixations, with no significant 352 differences identified in either task, as shown in S5 
